The immunologic signals participating in immune responses early in life have not been completely elucidated. Regarding the characterization of neonatal cells, little is known concerning the activity of transcription factor nuclear factor kappa B (NF-B), which regulates inflammatory genes and cytokine production. The aim of this study was to characterize NF-B activation in cord blood mononuclear cells (CBMC). We analyzed the potential association of NF-B activity with lymphocyte proliferation and influences on cytokine secretion in the early immune system. To determine the contribution of a disease whereby inheritance may impact neonatal immunity, we assessed the influence of maternal allergic disease on NF-B regulation and cytokine secretion. CBMC from healthy newborns were isolated and stimulated with mitogen (n ϭ 28). Nuclear extracts were analyzed by electrophoretic mobility shift assay, cytokine secretion by ELISA. FISH analysis excluded relevant maternal contamination of CBMC. All samples showed a positive lymphoproliferative response, and NF-B activity was both increased and decreased after mitogen stimulation. Increased NF-B activation was significantly associated with decreased TNF-␣ secretion (median 6.1 versus 50.3 pg/mL) in unstimulated CBMC. Mitogen stimulation resulted in increased NF-B activity with a trend to increased IL-13 production. Maternal allergic disease was associated with higher TNF-␣ (median 982 versus 173 pg/mL) and IL-13 secretion (median 1328 versus 1120 pg/mL) after mitogen stimulation. Together, NF-B activity is differentially activated in cord blood and associated with a distinct cytokine pattern. Whether differential NF-B activity in cord blood is related to the subsequent development of immune diseases requires further investigation. Neonatal immune responses have been postulated to be less mature than adult immune responses, however, the mechanisms involved in these responses are not well characterized. Data regarding regulatory mediators such as transcription factors are limited for the neonatal immune system. A likely candidate for regulation of early immune responses is the ubiquitous transcription factor NF-B, which plays a critical role in the regulation of many inflammatory genes, such as those encoding inflammatory cytokines, regulatory chemokines, adhesion receptors, enzymes, and inducible nitric oxide synthase (1) (2) (3) (4) (5) (6) (7) (8) . The NF-B proteins belong to the Rel family of proteins, which include five family members: RelA (p65), RelB, c-Rel, NF-B1 (p50), and NF-B2 (p52) (9 -11) .
Transcription factor activity may be influential in the development of immune-mediated disorders, which are established at an early time point in life. Analysis of CBMC offers a unique opportunity to examine transcription factor activity before the development of immune-mediated diseases. To date, the neonatal immune phenotype has been characterized by the type of cytokines secreted, but these cytokines have not been extensively examined in relationship to transcription factor activation. Cord blood is presumed to express a Th2 (e.g. IL-13, IL-5) predominant cytokine pattern (12, 13) . The transcription factor GATA3 promotes Th2 cell differentiation and is implicated to be controlled by NF-B activity (6, 14, 15) . In contrast, the transcription factor STAT4 promotes Th1 cell differentiation (6) . Little is known about NF-B activity in relation to cytokine secretion in the early immune system, which may be a candidate for regulation of distinct pathways.
Another critical consideration in the development of immune-mediated disorders is that maternal diseases and environmental exposure may also influence the neonatal immune system. Recent studies found a reduced Th1 cytokine (IFN-␥) secretion from CBMC with a parental history of allergic diseases (16, 17) . CBMC proliferate to mitogens (17) (18) (19) (20) (21) (22) (23) , and mitogen or allergen-induced cytokine production is presumed to be Th2 predominant (24) .
In our characterization of neonatal immune responses, we investigated potential links between NF-B activity and functional capacity of human CBMC by analysis of lymphocyte proliferation and cytokine secretion before and after stimulation with the mitogen PHA. As maternal history of allergic diseases potentially influences neonatal cytokine secretion, maternal allergic disease was included in our analysis.
METHODS

Study population.
The study population was a subset of participants in Project Viva, a pregnancy and birth cohort study underway in the Boston metropolitan area in the United States. The consent of expectant mothers was obtained at their initial prenatal visit. Participants were interviewed and completed questionnaires in the first and second trimesters of pregnancy, as well as at the time of delivery. The following variables were assessed: maternal history of doctor diagnosis of asthma, hay fever and/or eczema, reproductive and other medical history, and lifestyle factors, including smoking. From medical records, we evaluated labor and delivery variables. At the time of delivery, we collected venous umbilical cord blood from Viva newborns. Clinical data were retrospectively evaluated after laboratory data were obtained. Informed consent was obtained from mothers for their participation, including cord blood collection and 3 y of follow-up of their offspring. This study was approved by the Human Subjects Review Committees of Harvard Pilgrim Health Care and the Brigham and Women's Hospital, Boston.
Cord blood samples, cell preparation, and lymphocyte proliferation. Cord blood samples (n ϭ 28) were collected by withdrawing blood from the umbilical vein after delivery. Samples were placed in heparinized tubes and processed within 24 h. CBMC were isolated by density-gradient centrifugation with Ficoll-Hypaque Plus (Pharmacia, Uppsala, Sweden) after dilution in PBS. Cells were washed in RPMI 1640 (Cellgro, Mediatech, Herndon, VA, U.S.A.) and diluted in 10% human serum (BioWhittaker, Walkersville, MD, U.S.A.). For lymphocyte proliferation assay, CBMC were cultured in quadruplicate in 96-well tissue-culture plates (Corning, Palo Alto, CA, U.S.A.) for 3 d and pulsed with 1 Ci 3 H-thymidine for an additional 8 h. Cell cultures were performed at 37°C in a humidified 5% CO 2 incubation chamber. Cells were harvested with a Tomcat Mach II harvester (Wallac, Turku, Finland) onto filter plates, which were read using a ␤-counter. Proliferation was quantified by SI, which is calculated as the ratio of mean counts per minute (cpm) of stimulated over unstimulated replicates. A positive SI was defined by SI Ͼ 3.
Cytokine measurements. Supernatants from cell cultures were harvested after 24 h of incubation in media and after 24 and 60 h of stimulation with PHA (5 g/mL, Sigma Chemical, St. Louis, MO, U.S.A.) (n ϭ 28). Commercially available human ELISA kits (Endogen Corporation, Woburn, MA, U.S.A.) for IFN-␥, TNF-␣, IL-13, IL-5, and IL-10 were used according to the manufacturer's instructions. Detection limits were 2.0 pg/mL for IFN-␥ secretion, 2.0 pg/mL for TNF-␣, 7.0 pg/mL for IL-13, 2.0 pg/mL for IL-5, and 3.0 pg/mL for IL-10 secretion.
Nuclear extract preparation and electrophoretic mobility shift assay. Nuclear extracts were prepared after 1 h of incubation in media or in the presence of PHA (5 g/mL) as previously described (25) (26) (27) . Briefly, cells were washed with PBS, pelleted, and resuspended in 400 L of buffer A. After incubation for 15 min on ice, they were spun for 30 s and resuspended in buffer C. After incubation on a shaking platform for 15 min at 4°C, they were spun for 10 min. Supernatant was collected and stored at Ϫ80°C until analysis of nuclear extracts. EMSA was performed as previously described (26) . Briefly, nuclear extracts were incubated with radio-labeled consensus sequence for either NF-B (5'-AGT TGA GGG GAC TTT CCC AGG C-3'; Promega, Madison, WI, U.S.A.), STAT4 (5'-GAG CCT GAT TTC CCC GAA ATG ATG AGC TAG-3', Santa Cruz Biotechnology, Santa Cruz, CA, U.S.A.), or GATA3 (5'-CAC TTG ATA ACA GAA AGT GAT AAC TCT-3', Santa Cruz Biotechnology) and separated on a 5% polyacrylamide gel. For supershift experiments, nuclear extracts were preincubated with polyclonal antibodies against p65, p50, and c-rel (Geneka, Montreal, Canada), or MAb against STAT4 and GATA3 (Santa Cruz Biotechnology). Competition assay was performed with STAT4 with unlabeled oligonucleotides. Supershifts for STAT4 were compared with the control cell line Jurkat (Geneka) in each experiment. Supershifts for GATA3 were compared with the control cell line CCRF-CEM (Geneka). For competition experiments, nuclear extracts were preincubated with the unlabeled consensus sequence in 50-fold excess. Dried gels were analyzed by the PhosphorImager system and ImageQuant software (Amersham Biosciences, Uppsala, Sweden).
Detection of maternal cells within CBMC samples. After isolation, CBMC were incubated with Colcemid (Invitrogen) for 30 min, pelleted, resuspended in 0.54% KCl, and incubated at 37°C for 25 min. Cells were fixed with 33% glacial acetic acid in methanol and spotted onto glass slides. X and Y chromosomes were stained using an X and Y ␣-satellite twocolor direct labeling kit (Rainbow Scientific, Banbury, UK). Maternal cells were identified by nuclei with XX versus fetal cells by nuclei with XY karyotype. We randomly selected 10 of the 14 male samples for karyotyping.
Statistical analysis. Cytokine levels were not normally distributed and could not be transformed to normality. Nondetectable concentrations were assigned a value of 0.01 for inclusion 213 NF-B ACTIVATION IN CORD BLOOD into the analysis. Nonparametric tests (Kruskal-Wallis, MannWhitney) were used to compare median cytokine levels between different groups. Chi-square tests were used to compare categorical variables. Statistical significance was defined as p Ͻ 0.05.
RESULTS
Study population.
Neonatal and maternal data were available on 28 subjects whose cord blood was sampled (Table 1) . Gender distribution of neonates was equal.
Detection of maternal cells within CBMC samples. A potential bias of contamination of CBMC with maternal cells was assessed by karyotyping male newborns. CBMC from male newborns (n ϭ 10) were analyzed for a female karyotype by staining X and Y ␣-satellites with different fluorescent colors and counting 1000 nuclei per sample. Seven subjects revealed female cells with a maximum of 8/1000 cells in one sample (data not shown). Thus, in these samples used for immunologic analysis, relevant contamination by maternal cells was excluded.
NF-B activity in CBMC. To investigate whether CBMC have specific activity of different transcription factors, we analyzed NF-B, STAT4, and GATA3 DNA binding after stimulation with the mitogen PHA. We chose the mitogen PHA as T-cell stimulant to assess NF-B activation in relation to lymphocyte proliferation and cytokine secretion. Kinetic response curves assessing stimulation with PHA for 20, 40, 60, and 120 min in CBMC revealed the highest activation at 60 min (Fig. 1A) . Based on those results, we analyzed NF-kB activation after stimulation with PHA for 1 h. NF-B was detected in all tested samples (n ϭ 28) (Fig. 1, B and C) . Supershift assays were performed in a subset of samples to identify NF-B specific subunits (e.g., p65, p50, and c-rel). In all 28 samples, the inducible NF-B complexes were supershifted with antibodies against p65 (Fig. 1 , B and C, shows two representative samples) and p50 (8 of 15 samples, data not shown) indicating the contribution of p65 in the shift complexes. The NF-B subunit c-rel was not detectable in these samples (data not shown). In parallel analyses, nuclear extracts were tested against STAT4 and GATA3 oligonucleotides. STAT4 binding was observed (19 of 26 samples), as determined by supershift and competition analysis. GATA 3 binding was observed (14 of 27 samples), as detected by competition analysis (data not shown). As NF-B activity was prominent in all samples, we focused primarily on NF-B activity for further analysis.
Differential NF-B regulation. To quantify NF-B DNA binding, specific NF-B bands were measured by densitometry and a ratio of the density from stimulated compared with unstimulated extracts was calculated. After densitometry analysis, the number 1 was selected to indicate "no change" in NF-B regulation (stimulated above unstimulated not different). In multiple repetitions of NF-B EMSA assays in the identical CBMC sample (n ϭ 3), we selected 15% as the range of "no change." Therefore, 15% above (1.15) and below 1 (0.87) was selected as the range of no change. Due to logarithmic transformation, the value above 1 is 1.15 and the value below 1 is 0.87 and the range "no change" was set between 0.87 and 1.15. The group with no change in NF-B activation was not used for further statistical analysis (Fig. 2, n ϭ 2) . 3 in B, C) as described in "Methods." Nuclear extracts were incubated with radio-labeled consensus sequences for NF-B and analyzed by EMSA. Bottom arrow indicates NF-B DNA binding. Top arrow indicates supershift with p65 antibody. Density of bands was analyzed by ImageQuant software and a ratio of density from stimulated over unstimulated nuclear extracts was created as described in "Methods"; n ϭ 28 total subjects.
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Eleven subjects showed "increased" (ratio above 1.15) and 15 subjects showed "decreased" NF-B activation (ratio below 0.87) (Fig. 2) . The "decrease" in NF-B activation was not due to higher baseline levels in NF-B activation, as additional analysis indicated the ratio is independent of NF-B baseline levels (data not shown). Together, these data indicate that specific NF-B DNA-binding (increased or decreased) can be detected in CBMC.
Positive lymphoproliferative response regardless of differential NF-B activity. CBMC were stimulated with the mitogen PHA to induce maximal activation in neonatal cells. A positive lymphoproliferative response to PHA stimulation (SI Ͼ3) was detected in all subjects and did not differ with increased or decreased NF-B activation (Fig. 3) .
Increased NF-B activation is associated with decreased TNF-␣ production in unstimulated CBMC. To further characterize NF-B activity in CBMC in correlation with other immune parameters, samples with increased versus decreased NF-B activation were analyzed for cytokine secretion. Following initial dose-response-curves (data not shown), cytokine secretion was determined at baseline and after 24 and 60 h of stimulation with the mitogen PHA. We chose TNF-␣ and IFN-␥ as pro-inflammatory and Th1 cytokines, respectively, and IL-13, IL-5, and IL-10 as Th2 cytokines. We observed lower levels of TNF-␣ in unstimulated CBMC when NF-B activation was increased compared with decreased NF-B activation (median 6.1 versus 50.3 pg/mL, Fig. 4A, inset) . NF-B activation was not associated with TNF-␣ secretion in CBMC after 24 or 60 h of PHA stimulation (Fig. 4A) .
Increased NF-B activation is associated with higher IL-13 production in stimulated CBMC. IL-13 secretion at baseline was similar in unstimulated samples with increased or decreased NF-B activation. After stimulation with PHA, we observed a trend to higher IL-13 secretion in CBMC with increased NF-B activation compared with decreased NF-B activation (median 478.9 versus 107.9 pg/mL after 24 h; median 1255.7 versus 1119.9 pg/mL after 60 h) (Fig. 4B) . Similarly, subjects in the highest quartile of IL-13 secretion 60 h after stimulation showed an increase in NF-B activation compared with those in the lowest quartile of IL-13 secretion (data not shown). NF-B activation was not related to cytokine secretion of IL-5, IL-10, or IFN-␥ (data not shown). Neither NF-B activation nor cytokine levels were associated with maternal age, delivery type, gestational age, gender, or birth weight as potential confounders.
Stimulated CBMC with maternal history of allergic disease showed no association with NF-B regulation, but had higher TNF-␣ and IL-13 secretion. We investigated a potential association between maternal history of allergic diseases and NF-B activation. The NF-B ratio of CBMC with maternal history of allergy was not different from the ratio of CBMC without maternal history of allergy (median 0.84 versus 0.82, p ϭ 0.36, data not shown).
CBMC of neonates with a positive maternal history of allergic disease produced significantly higher TNF-␣ and IL-13 secretion after PHA stimulation, whereas the secretion in unstimulated CBMC was similar (Table 2 ). Maternal history of allergic disease was also associated with higher IL-5 levels after 60 h of PHA stimulation and lower IL-10 secretion in unstimulated CBMC, though not significant. Maternal history of allergic disease was unrelated to IFN-␥ secretion.
DISCUSSION
Neonatal immune responses are classically characterized as immature, but emerging literature suggests that the early immune system may be further developed than previously thought (13, 28 -30) . In this study, we focused on the transcription factor NF-B, which plays a crucial role in gene NF-B-DNA binding was measured by densitometry. The ratio of the density of stimulated over unstimulated nuclear extracts was calculated as described in "Methods." Three groups were created: decreased for a ratio below 0.87 (n ϭ 15), no change for a ratio Ն0.87 and Յ1.15 (n ϭ 2), and increased for a ratio above 1.15 (n ϭ 11). 215 regulation of many immune-mediated diseases (1, 2, 4, 31) . Our results in CBMC indicate that NF-B activity is differentially regulated (increased as well as decreased) after mitogen stimulation concomitant with positive lymphocyte proliferation. Further, NF-B activation is associated with TNF-␣ secretion and does not correlate with maternal history of allergic diseases. In this study, relevant maternal contamination in CBMC was excluded.
Few reports exist regarding transcription factors, and in particular NF-B, in the human neonatal immune system. Prior studies reported inducible NF-B subunits after TNF-␣ stimulation and also higher expression in neonatal samples than in adults (32) (33) (34) . In our study, NF-B activation (p65 and p50) was detectable in neonatal cord blood. Interestingly, NF-B was not only increased, as previously reported (32, 33, 35 ), but also decreased after mitogen stimulation. Regardless of NF-B activity, lymphocyte proliferation was present, suggesting that cell death or increased proliferation do not explain this finding. In the inactive state, NF-B is kept in the cytoplasm via interaction with inhibitory proteins known as IB. Activation of NF-B, in response to a variety of pro-inflammatory signals, leads to the release of the IB subunits from the cytoplasmic complex, which transmigrates into the nucleus, where it activates its target genes upon binding to various B motifs (36, 37) . Therefore, one possibility is that a decrease of NF-B activity in neonates in this study may be due to regulatory mechanisms involving differential activity of the inhibitory factor IB. Interestingly, in preliminary studies of peripheral blood mononuclear cells of adults and 5-y-old children we have made similar observations (Schaub et al., unpublished data). Although NF-B can both enhance and suppress gene transcription, the mechanism of increased and decreased NF-B DNA binding activity is the focus of current research (38, 39) . Cytokine secretion of TNF-␣ and IL-13 in mitogen-stimulated CBMC was compared with secretion in unstimulated samples. Data are shown as box and whiskers plots (median, whiskers: 5% and 95%) with outliers. Pair-wise comparison between "decrease" and "increase" in NF-B production was quartile analyzed for each time point by Mann-Whitney U test. .60 † Maternal history of allergic disease was defined as maternal report of one or more of diagnoses of asthma, hay fever, or eczema. For "yes," n ϭ 9 for "unstimulated" and PHA 60 h, n ϭ 7 for PHA 24 h. For "no," n ϭ 17 for "unstimulated" and PHA 60 h, n ϭ 13 for PHA 24 h. * p Ͻ 0.05 is defined as significant.
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In terms of other transcription factors, we detected mitogeninduced STAT4 and GATA3 binding in cord blood samples. Although STAT4 and GATA3 induce the immune system to skew toward a Th1 or Th2 cytokine pattern, respectively (6, 14, 15) , the role of NF-B in inducing a distinct cytokine pattern and, in particular, in the early immune system, is not well defined. We and others demonstrated a role for NF-B in promoting Th2 cytokine secretion and allergic inflammation using murine models deficient of NF-B subunits (15, 26, 40 -42) . Although a trend toward increased IL-13 secretion after mitogen stimulation was observed in this study, additional Th 2 cytokines such as IL-5 and IL-10, and also IFN-␥ secretion (not shown), were not affected by NF-B activation. Interestingly, NF-B activation was decreased when TNF-␣ secretion at baseline was increased. Elevated TNF-␣ levels may potentially contribute to subsequent NF-B regulation. One explanation may be a negative feedback mechanism of NF-B activation by elevated TNF-␣ secretion; however, the regulation of NF-B in nontransformed human cord blood samples may be multifaceted.
NF-B regulation in association with distinct cytokine secretion may contribute to the understanding of immunemediated diseases. A role for NF-B in allergic diseases is likely inasmuch as NF-B is involved in allergic airway inflammation in murine models (26, 40 -43) as well as human pulmonary diseases, including asthma (5, 31, 44 -46) . NF-B is also important in mediating the survival of eosinophils (47) , the recruitment of T lymphocytes to the airways during allergic inflammation (48, 49) , and the development of T cells and dendritic cells, critical in allergic disease (50, 51) . In addition, corticosteroids, a major effective treatment for asthma, are potent blockers of NF-B activation.
In this study, NF-B regulation was independent of a maternal history of allergic diseases. However, a larger cohort including a higher risk for asthma, or differential stimulation, may indicate a relationship to maternal allergic disease. We observed increased IL-13 and TNF-␣ secretion after mitogen stimulation in CBMC with a maternal history of allergic disease, the first consistent with a Th2 skewed cytokine pattern observed in the study from Piccinni (52) and our previous work (53) . It is possible that in a larger cohort additional cytokines may be associated with a maternal history of allergic disease.
Three features of this cord blood study merit consideration. First, examination of CBMC includes the possibility of maternal contamination (13, 28) . To address this question, we present a FISH analysis, not previously shown in immunologic assessment of CBMC, and excluded relevant maternal contamination. Second, although mitogen stimulation induces T-cell stimulation and subsequent activation of NF-B, the precise cell type exhibiting NF-B activity in this study of CBMC has not been identified. Third, all subjects showed a positive lymphoproliferative response, which is consistent with other reports (19, 22) . Cord blood lymphocyte proliferation may be a marker for cell viability and functional capacity that is not influenced by NF-B-induced transcription in this study.
Taken together, our findings demonstrate for the first time that NF-B activation is differentially expressed (increased and decreased) in CBMC after mitogen stimulation and that decreased NF-B activity is associated with increased TNF-␣ secretion. This distinct association may be reflective of yetundefined NF-B-cytokine pathways in ex vivo samples. Whether the differential regulation of NF-B in early life may be associated with the onset of immune-mediated diseases including allergy is under investigation in the longitudinal follow-up study of this cohort.
